Cancer cells employ a number of mechanisms to escape immunosurveillance and facilitate tumour progression. The recent explosion of interest in immunotherapy, especially immune checkpoint blockade, is a result of discoveries about the fundamental ligand-receptor interactions that occur between immune and cancer cells within the tumour microenvironment. Distinct ligands expressed by cancer cells engage with cell surface receptors on immune cells, triggering inhibitory pathways (such as PD-1/PD-L1) that render immune cells immunologically tolerant. Importantly, recent studies on the role of epigenetics in immune evasion have exposed a key role for epigenetic modulators in augmenting the tumour microenvironment and restoring immune recognition and immunogenicity. Epigenetic drugs such as DNA methyltransferase and histone deacetylase inhibitors can reverse immune suppression via several mechanisms such as enhancing expression of tumourassociated antigens, components of the antigen processing and presenting machinery pathways, immune checkpoint inhibitors, chemokines, and other immune-related genes. These discoveries have established a highly promising basis for studies using combined epigenetic and immunotherapeutic agents as anti-cancer therapies. In this review, we discuss the exciting role of epigenetic immunomodulation in tumour immune escape, emphasising its significance in priming and sensitising the host immune system to immunotherapies through mechanisms such as the activation of the viral defence pathway. With this background in mind, we highlight the promise of combined epigenetic therapy and immunotherapy, focusing on immune checkpoint blockade, to improve outcomes for patients with many different cancer types.
Introduction
The recent clinical success of immunotherapy in cancer patients, particularly immune checkpoint blockade, is at least in part due to elegant studies that have led to fundamental discoveries about ligandreceptor interactions between immune and cancer cells within the tumour microenvironment (TME). Distinct ligands expressed by cancer cells engage with cell surface receptors on immune cells, triggering inhibitory pathways that render immune cells immunologically inert or "tolerant". For example, binding of the key T cell surface receptor programmed cell death 1 (PD-1) to the co-inhibitory receptors programmed death ligand 1 (PD-L1) or programmed death ligand 2 (PD-L2) on cancer cells inhibits T cell proliferation, cytokine production, and ultimately results in T cell dysfunction or apoptosis (Dong et al., 2002; Sheppard et al., 2004; Parry et al., 2005) . Under normal conditions, these immune checkpoints temper or fine-tune the host immune response to pathogens. However, in the context of cancer, immune checkpoints can be dysregulated or hijacked as a mechanism of immune resistance.
An improved understanding of these molecular mechanisms underlying immune regulation has resurrected the concept of targeting cancer immunologically (Pardoll, 2012; Dolan and Gupta, 2014) . Consequently, immunotherapeutic strategies designed to re-activate anti-tumour immune responses and reverse the immunologically tolerant state are now at the forefront of anti-cancer therapy. Similarly, recent elucidation of the role of epigenetics in immune evasion has uncovered a role for epigenetic drugs in modulating immune pathways to restore and/or improve immune recognition and immunogenicity. In this way, epigenetic targeting may 'prime' the host immune response for subsequent immunotherapy (Sigalotti et al., 2014; Heninger et al., 2015; Terranova-Barberio et al., 2016) . Several studies have demonstrated the efficacy this combined strategy in both clinical studies (Bao et al., 2011; Ishibashi et al., 2016; Krishnadas et al., 2015; Xu et al., 2016) and animal models (Mikyskova et al., 2014; Terracina et al., 2016; Lucarini et al., 2017; Covre et al., 2015; Tellez et al., 2014) . Furthermore, immune priming using different epigenetics agents has been observed in combinations with several immunotherapy types such as adoptive cellular immunotherapy (Ishibashi et al., 2016; Terracina et al., 2016) , cytokine-based therapy (Lucarini et al., 2017; Gollob and Sciambi, 2007) , vaccines (Krishnadas et al., 2015) , and immune checkpoint inhibitors (Jazirehi et al., 2014; Yao et al., 2013) . Together, these discoveries establish a highly promising basis for combination studies using epigenetic and immunotherapeutic agents in cancer patients.
Even though the concept of partnering epigenetic therapy with immune re-activating strategies such as immune checkpoint therapy is recent, a wave of translational research highlights the potential for this approach in many different cancer types (Terranova-Barberio et al., 2016; Maio et al., 2015; Weintraub, 2016; Chiappinelli et al., 2016a) . Furthermore, a number of on-going clinical trials are currently exploring the efficacy of this combined approach (Table 1 ). This review summarises our current understanding of the key mechanisms of immune evasion in cancer and emphasises the significance of epigenetic immunomodulation of these components in priming the host immune system to immunotherapies. In addition, we highlight the promise of combination epigenetic and immunotherapy regimens, particularly immune checkpoint blockade, for improving outcomes in patients with cancer.
Epigenetic therapy
Epigenetic dysregulation is a central mechanism in cancer development and progression (Jones and Baylin, 2002; Esteller, 2008) . Epigenetic regulation is defined as heritable modifications to DNA that alter gene expression and chromatin structure without changes to the underlying nucleotide sequence (Esteller, 2008; Jones and Takai, 2001) . These epigenetic changes (or marks) include DNA methylation and post-translational histone modifications (PTMs) (Jones and Takai, 2001; Kouzarides, 2007) . Epigenetic marks are interdependent, switching genes 'on' and 'off' in response to extracellular signals. With regard to transcriptional regulation, chromatin predominantly exists in two interchangeable states: closed (heterchromatin) or open (euchromatin), which are regulated by a balance between distinct active and repressive epigenetic marks (Fig. 1) . Establishing a repressive chromatin structure can preclude access and/or function of transcriptional activators such as RNA polymerases and DNA-binding transcription factors to target genes, and this state is generally associated with transcriptional silencing. In contrast, an open chromatin state is accessible to transcriptional machinery and facilitates active transcription (Li et al., 2007) .
Chromatin remodelling regulates a gene's transcriptional state via a number of mechanisms: (1) post-translational modifications of histone proteins; (2) DNA methylation; (3) ATP-dependent chromatin remodelling complexes; (4) histone variant exchange; and (5) the action of noncoding RNAs (such as miRNAs). The most abundant histone modifications are acetylation, methylation, phosphorylation, and ubiquitylation; however, many other modifications have been reported (Kouzarides, 2007) . In this way, epigenetic modifications to DNA and histone proteins dynamically shape the chromatin landscape to regulate gene transcription.
Several epigenetic marks have been identified in association with specific chromatin states and transcription levels. DNA methylation predominately occurs at cytosine residues in CpG dinucleotides that are enriched in regions known as CpG islands and is associated with the closed heterochromatin state and transcriptional repression/silencing. Epigenetic modifications to the amino-terminal tails of histone proteins have also been shown to regulate chromatin state and transcription. Histone acetylation of lysine residues (e.g., acetylation of H3K9, H3K14, H4K5, and H4K16) is predominately associated with open chromatin states and active gene transcription. In contrast, histone methylation is more complex and results in different chromatin and transcription states depending on the extent of methylation (e.g., mono-, di-, or tri-methylation). For example, monomethylation of H3K9, H3K27, and H3K79 histone proteins is associated with euchromatin (active transcription), whereas trimethylation of these histones results in a heterochromatin conformation and transcriptional repression.
In addition to the local chromatin state, the 3D nuclear architecture also contributes to transcriptional regulation (Espada and Esteller, 2007; Fedorova and Zink, 2008; Bartova et al., 2008; Schneider and Grosschedl, 2007) . Chromatin is spatially organised into higher-order structures that ultimately exhibit a non-random 3D organisation within cell nuclei. The nucleus is an extremely dynamic structure in which many components rapidly and transiently interact, and these dynamic interactions have functional consequences for regulation of gene expression. For example, chromatin domains containing transcriptionally active genes can form chromatin loops that extend away from compact chromosome territories to reposition near transcriptional factories at the center of the nucleus. However, perinuclear repositioning has also been shown to establish transcriptionally silent chromatin. The organisation of the nuclear architecture is thought to mediate gene transcription by controlling accessibility of regulatory DNA elements to transcription factors and RNA polymerases through subnuclear gene positioning and intra-/inter-chromosomal interactions. The impact of nuclear architecture and gene activity is closely related to epigenetic modifications (such as DNA methylation and histone modifications) of individual chromatin domains. For example, it is well established that changes in nuclear organisation are associated with DNA methylation patterns during mammalian pre-implantation development (Bartova et al., 2008; Schneider and Grosschedl, 2007) . Furthermore, several inhibitors of histone deacetylase activity have been shown to induce reorganisation of chromatin and histone modifications (Taddei et al., 2001; Bartova et al., 2005) . Moreover, chromosome instability and disrupted nuclear morphology is commonly associated with DNA hypomethylation of discrete nuclear regions in cancer cells (Bartova et al., 2008) . However, the precise interplay between epigenetic modifications and nuclear architecture remains unclear. In this way, the nuclear architecture is able to contribute, in part, to regulation of gene expression.
Due to the dynamic and reversible nature of epigenetic marks, these alterations represent attractive and therapeutically relevant targets in many diseases including cancer. Current epigenetic therapies are primarily directed towards two functional categories of epigenetic regulators: those that target the "writers", enzymes that establish epigenetic marks, and those that target the "erasers", enzymes that remove epigenetic marks. Specifically, DNA methyltransferase inhibitors (DNMTi; writers) and histone deacetylase inhibitors (HDACis; erasers) are the main epigenetic therapy drug classes. DNMT and HDAC inhibitors exhibit anti-tumour functions by inducing differentiation, apoptosis, growth inhibition, cell cycle arrest, and cell death. DNMTis reactivate gene transcription by inhibiting the action of DNA methyltransferases (which add methyl groups to DNA) by directly incorporating into the DNA and trapping DNMTs for proteosomal degradation. The loss of DNMT is DNA replication dependent, and results in passive hypomethylation of DNA in daughter cells after cell division. Similarly, HDACis block the action of HDACs, which remove acetyl marks from tagged histones to increase global histone acetylation. These inhibitors might also work, at least in part, to re-activate gene expression by altering the global nuclear architecture. Loss of DNA methylation and/or increase in histone acetylation can result in a relaxed chromatin configuration, enabling access to transcriptional activators to restore gene transcription. Epigenetic drugs targeting these enzymes can restore, and in some cases overexpress, genes that have been epigenetically silenced in both immune and cancer cells (Sigalotti et al., 2014; Maio et al., 2015; Chiappinelli et al., 2016a) . Combining DNMT and HDAC inhibitors generally results in greater reexpression of epigenetically silenced tumour suppressor genes and cell cycle regulators (Tellez et al., 2014) . (Lanier, 2005; Raulet et al., 2013; Waldhauer and Steinle, 2008) . NK cell killing of targeted cells is subsequently achieved through engagement of death receptors (e.g., FAS, TNF-related-apoptosis inducing ligand [TRAIL] receptor) on target (Raulet et al., 2013) . Together, these mechanisms contribute to apoptosis of the target tumour cell. Other innate immune system cells include dendritic cells (DCs) and macrophages, their primary role being to act as professional antigen presenting cells (APCs) and activate the antigen-specific adaptive immune system. Tumour and stromal-derived factors (e.g., growth factors and immunosuppressive cytokines) present in the TME can disrupt the anti-tumour function of macrophages and re-educate them to become tumour-associated macrophages (TAMs) with an M2 immunosuppressive phenotype (predominant in healing tissue) (Bingle et al., 2002; Sica et al., 2006) . M2 or repair-type cells promote tumour initiation, progression, and metastasis by producing growth factors (e.g., EGF, FGF-2), angiogenic factors (e.g., VEGF, MMP-9), and inflammatory cytokines (e.g., TNF-α, IL-1) in much the same way that they function in would healing (Bingle et al., 2002) .
On APC-mediated activation, naive CD4 + T cells and CD8 + T cells differentiate into different antigen-specific T cell subsets. For example, activation of CD4 + T cells can give rise to T helper cells (such as Th1,
Th2, Th17 cells), T follicular helper (TFH) cells, and regulatory T (Treg) cells, whereas activation of naive CD8 + T cells gives rise to effector cytotoxic T lymphocytes (CTLs).
In contrast to the innate arm, cells of the adaptive immune system possess the ability to recognise specific targets and differentiate "self" from "non-self" antigens (Gajewski et al., 2013) . Furthermore, activation of adaptive immune cells often results in immunological memory, a feature that enables rapid re-activation of the immune response on future encounters with specific antigens (Dunn et al., 2015) . In the TME, adaptive immune responses are primarily mediated by CTLs, the adaptive counterpart to innate NK cells. Similar to NK cells, CTLs induce cancer cell death through death receptor interactions and the secretion of cytotoxic granules (Barry and Bleackley, 2002) .
CTL activation is triggered by engagement of the T cell receptor (TCR) to a peptide-human leukocyte antigen (HLA) class I molecule complex expressed on APCs along with a co-stimulatory/accessory signal (for example, the interaction of B7 molecules [CD80 or CD86] on APCs with CD28 on T cells) (Barry and Bleackley, 2002) . Assembly of the peptide-HLA complex is a multi-step process involving many different molecules that collectively comprise the antigen processing and presentation machinery (APM; summarised in Chiappinelli et al., 2016a) ). In turn, peptide-mediated CTL activation induces an intracellular signalling cascade that results in cytokine production and cellular proliferation.
While T cells are a critical cell in anti-tumour immunity, TFH cells, which function to induce B cell differentiation into antibody-secreting cells, have recently been shown to display a key role in the pathogenesis of several cancers in addition to anti-tumour functions (Jia et al., 2015; Ahearne et al., 2014; Gu-Trantien et al., 2013; Shi et al., 2014) . For example, patients with hepatocellular carcinoma had fewer and impaired TFH cells compared to control patients, and the TFH cells were associated with disease progression (Jia et al., 2015) .
Tregs are also an abundant T cell subpopulation within the TME that are generally immunosuppressive and can suppress or downregulate CTL induction and proliferation (Nishikawa and Sakaguchi, 2014) . In the TME, the tumour cells preferentially recruit Tregs, which proliferate in response to tumour-secreting cytokines such as TGFβ. Due to their immunosuppressive role, greater numbers of Tregs are typically associated with poorer prognosis in several cancer types (Wolf et al., 2005; Fu et al., 2007; Curiel et al., 2004; Petersen et al., 2006; Bates et al., 2006; Tang et al., 2014) . Furthermore, Treg depletion has been shown to improve responses to immunotherapies (Sutmuller et al., 2001; Comes et al., 2006; Smyth et al., 2006) . However, the presence of Tregs has also been associated with positive outcomes, suggesting that the role of Tregs is context dependent (Badoual et al., 2006; Salama et al., 2009; Leffers et al., 2009; Correale et al., 2010) .
Malignant cells escape immune-mediated cell death by deploying epigenetic mechanisms to evade host immune recognition and immunogenicity. This acquired immune evasive phenotype is achieved by epigenetic downregulation of many critical molecules required for efficient cancer and immune cell interactions; for example, suppression of TAAs, reduced expression of many APM components, and low cell surface levels of accessory/co-stimulatory molecules, death receptors, and stress-induced ligands.
Reduced expression of TAAs and APM components is correlated with metastasis in several studies . Negative expression of the co-stimulatory molecule intercellular adhesion molecule 1 (IC-AM-1) is associated with cancer progression in oral squamous cell carcinoma and colorectal cancer (Maeda et al., 2000; Usami et al., 2013) . For instance, immunohistochemical analysis of metastatic melanoma lesions revealed significant downregulation of the APM chaperones calnexin and calreticulin compared to primary melanoma lesions (Dissemond et al., 2004) . Similarly, loss of the TAP-1 and TAP-2 transport proteins and HLA class I molecules have been reported in Fig. 1 . Epigenetic marks alter DNA accessibility to transcriptional machinery to regulate gene transcription. Epigenetic marks, such as DNA methylation and histone modifications, together determine chromatin accessibility and transcriptional activity. Establishment of repressive epigenetic marks (such as DNA methylation, red dots) are associated with a closed heterochromatin (nucleosomal dense) structure can preclude access and function of transcriptional activators such as RNA polymerases and DNA binding transcription factors (TFs) to target genes, and is generally associated with transcriptional silencing. In contrast, active epigenetic marks (e.g., histone acetylation, yellow triangles) are associated with an open euchromatin state (nucleosomal loss) that is accessible to transcriptional machinery and facilitates active transcription. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.) metastatic and high-grade primary versus low-grade primary breast cancer (Kaklamanis et al., 1995; Vitale et al., 1998) . Downregulated expression of any APM molecule can reduce or eliminate the presentation of cell surface peptide-HLA complexes, effectively rendering cancer cells invisible to CTLs and preventing recognition and elimination of cancer cells by the adaptive immune response. In addition, suppression of co-stimulatory molecules can result in CTLs only receiving a partial activating signal which can lead to a state of cell exhaustion, a key feature of which is the increased expression of inhibitory receptors on the T cell surface (e.g., PD-1) (Pardoll, 2012) . Together, repression of these APM and co-stimulatory components contributes to the poor immunogenicity of some cancers and facilitates immune evasion and tumour progression.
Immune checkpoints
The commandeering of immune checkpoints expressed on the surface of CTLs further impedes the immune-mediated cell death of malignant cells. A balance between co-stimulatory and co-inhibitory molecules -known as immune checkpoint receptors -that collectively regulate the duration, quality, and amplitude of the physiological immune response finely regulate the TCR response. In response to pathological infection, these inhibitory pathways normally maintain self-tolerance (the prevention of autoimmunity) and minimise collateral tissue damage from hyperactive T cells.
In the cancer setting, malignant cells are able to switch on or hijack these immune checkpoint pathways as a major mechanism of immune resistance, particularly against CTLs. Cancer cells take advantage of this regulatory mechanism by increasing cell surface expression of coinhibitory ligands such as PD-L1. Therefore, whilst tumour-infiltrating lymphocytes (TILs) may be present in the TME, they cannot mount an immune response to destroy target cancer cells. Moreover, it has recently been recognised that some tumours exhibit redundancy between different inhibitory pathways, enabling them to resist immune checkpoint therapy and facilitating tumour progression (Koyama et al., 2016) .
Two key checkpoint receptors have been extensively studied for immunotherapy: cytotoxic T lymphocyte antigen 4 (CTLA-4) and PD-1. While CTLA-4 is essential during early activation of T cells in secondary lymphoid organs, PD-1 is primarily involved in modulating T cell activation in peripheral tissues including the TME (Pardoll, 2012) . CTLA-4, expressed on T cells, competes with the stimulatory receptor CD28 for binding to CD80/CD86 ligands on APCs. The PD-1 receptor is expressed on T cells, B cells, NK cells, monocytes, macrophages, and DCs (Pardoll, 2012) . PD-1 binds to two ligands, PD-L1 and PD-L2. PD-L1 is expressed on a variety of cell types including epithelium, muscle, mesenchymal stem cells, T and B cells, DCs, macrophages, and cancer cells, while PD-L2 expression is restricted to immune-related cells such as DCs, macrophages, and mast cells (Pardoll, 2012) . Therefore, interfering with the PD-1/PD-L1 pathway may potentially prevent inhibitory signalling and block T cell suppression throughout the TME.
PD-1/L1 is overexpressed in several tumour types including melanoma, ovarian cancer, triple-negative (TNBC) and HER2+ breast cancers, non-small cell lung cancer (NSCLC), and haematological malignancies such as acute myeloid leukaemia (AML) and chronic lymphatic leukaemia (CCL) (Terranova-Barberio et al., 2016) .
Immune checkpoint blockade
Monoclonal antibodies (mAbs) that target checkpoint inhibitors such as CTLA-4 (e.g., ipilimumab) and PD-1 (e.g., nivolumab, pembrolizumab) have emerged as powerful weapons against cancer and show significant promise in the treatment of an expanding list of tumour types (Hodi et al., 2010; Ansell et al., 2015; Brahmer et al., 2015) .
Currently, there are only four US Food and Drug Administration (FDA)-approved immune checkpoint inhibitors: ipiliumab (Yervoy), a fully human immunoglobulin (Ig) G1 antibody targeting CTLA-4; nivolumab (Opdivo), a human monoclonal IgG4 anti-PD-1 antibody; pembrolizumab (Keytruda), a mAb targeting PD-L1; and atezolizumab (Tecentriq), an IgG1 mAb against PD-L1, which was recently approved to treat locally advanced or metastatic urothelial carcinoma in patients that had failed chemo-or radiotherapy (Table 2) (Markham, 2016; FDA, 2016) . Several other checkpoint inhibitors are also being investigated in current clinical trials in readiness for approval (such as lirilumab) (Table 1) .
Upon ligation to PD-L1/2, PD-1 suppresses downstream phosphoinositide 3-kinase (PI3K) and Akt signalling via an immunoreceptor tyrosine-based inhibitory motif. In contrast, engagement of the CTLA-4 receptor inhibits PI3K-independent Akt signalling. PD-1/PD-L1 interaction dephosphorylates proteins immediately downstream of the TCR via recruitment of SHP-2 enzymes. Both of these pathways block the TCR response.
These mAbs work by binding to their specific target molecule and blocking receptor-ligand interactions to prevent inhibitory signalling (from the cancer cell). This enables the CTL to elicit an immune response against the target cell. Ipilimumab, a monoclonal antibody that binds to CTLA-4, blocks CTLA-4-CD80/CD86 interactions, while nivolumab or pembrolizumab bind to PD-1 and block engagement to PD-L1 and PD-L2. Atezolizumab blocks the interaction of PD-L1 with PD-1 and CD80. CTLA-4 and PD-1/L1 pathway blockade have been shown to augment T cell activation by inhibiting CTL proliferation and cytokine production, leading to T cell dysfunction or apoptosis (Dong et al., 2002; Sheppard et al., 2004; Parry et al., 2005) . In particular, CTLA-4 inhibition plays a major role in suppressing the Treg function. An improved understanding of the mechanisms of action of immune checkpoint inhibitors will help to further broaden the therapeutic impact of these novel anticancer agents.
In particular, PD-1/PD-L1 pathway-targeting immunotherapies have shown highly promising efficacy in a broad spectrum of cancers (Ansell et al., 2015; Brahmer et al., 2015; Topalian et al., 2014) . For example, in a phase 3 study comparing nivolumab alone with docetaxel monotherapy in patients with advanced squamous cell NSCLC, nivolumab treatment was associated with a 41% lower risk of death, a 3.2-month longer median survival (9.2 versus 6.0 months), and nearly twice the 1-year survival rate compared to docetaxel monotherapy (Brahmer et al., 2015) .
Melanoma has been the most responsive solid tumour to checkpoint blockade, with 20% of patients responding to therapy (Hodi et al., 2010) . Patients with advanced melanoma (that have received prior standard therapies) receiving nivolumab have shown long-term responses (1-and 2-year survival rates of 62% and 43%, respectively), with a median overall survival of 16.8 months . Furthermore, dual immune checkpoint therapy has been shown to increase response rates in patients with advanced melanoma. Previously untreated advanced melanoma patients demonstrated significantly longer progression-free survival and objective responses following combined nivolumab and ipilimumab therapy (11.5 months, 57.6%) than patients treated with ipilimumab alone (2.9 months, 43.7%) and in the nivolumab monotherapy (6.9 months, 19%) arm compared to ipilimumab alone (Larkin et al., 2015) . Moreover, subgroups of patients with tumours harbouring BRAF mutations or positive PD-L1 tumour status experienced longer progression-free survival compared to patients with BRAF mutation-or PD-L1-negative tumours.
Other immunosuppressive cells in the TME
Anti-tumour immunity within the TME can be suppressed by a variety of tumour-infiltrating leukocytes including Tregs, M2 macrophages, myeloid-derived suppressor cells (MDSCs), cancer-associated fibroblasts (CAFs), and cancer stem cells (CSCs) (Lindau et al., 2013) . These different cell types employ multiple mechanisms to suppress the immune response including the secretion of inhibitory cytokines (e.g., IL-10, TGFβ), cell surface expression of co-inhibitory receptors (immune checkpoints), and release of amino acid-depleting enzymes (e.g., arginase and IDO) (Lindau et al., 2013) .
Cancer cells have been shown to induce epigenetic changes in normal fibroblasts to transform them into CAFs (Martinez-Outschoorn et al., 2010; Tyan et al., 2011) . For example, Tyan et al. showed that breast cancer cells induce hepatocyte growth factor (HGF) secretion by CAFs to enhance tumorigenesis; when normal fibroblasts were cultured with the breast cancer cell line MDA-MB-231, they secreted HGF and adopted a CAF phenotype (Tyan et al., 2011) . In turn, CAFs have been shown to promote tumour growth and progression through epigenetic mechanisms such as inducing epithelial-to-mesenchymal transition and cancer stem cell phenotypes in breast cancer cells (Soon et al., 2013; Yu et al., 2014) .
Epigenetic immunomodulation of the TME primes the immune system for immunotherapy

Epithelial cancer cells
The capacity of epigenetic drugs such as DMNTis and HDACis to upregulate expression of immune signalling components in cancer cells is well established (Sigalotti et al., 2014; Chiappinelli et al., 2016a; Larkin et al., 2015) . Epigenetic drugs upregulate the expression of TAAs, essentially all APM components, surface expression of costimulatory molecules, stress-induced ligands and death-inducing receptors, and the expression of checkpoint ligands on tumour cells.
One mechanism by which epigenetic drugs act to restore or improve cancer cell recognition is through increased expression of TAAs. Cancer testis antigens (CTAs) are the best characterised class of epigeneticallyregulated TAAs, and epigenetic treatment augments their expression (Fratta et al., 2011) . CTAs are expressed in embryonic and germ cells but silenced in mature somatic cells by DNA methylation at the gene promoter (Fratta et al., 2011; James et al., 2006) . DNMTis can cause demethylation, resulting in re-expression of CTAs in cancer cells in many different solid tumours (Fratta et al., 2011; James et al., 2006; Weber et al., 1994; Coral et al., 2002; Li et al., 2014) . Although HDACis have also been shown to upregulate CTAs, induction is much lower than with DNMTis (Wischnewski et al., 2006) . Moreover, combined DNMTi/ HDACi treatment upregulates CTAs in some, but not all, cell lines; however, unlike DNMTis alone, the increased expression is not durable. Furthermore, dual epigenetic therapy does not necessarily result in increased recognition and lysis of malignant cells (Weiser et al., 2001 ).
In addition to CTAs, other TAAs such as high molecular weight melanoma-associated antigens (HMW-MAAs) have been shown to undergo demethylation at the gene promoter with the DNMTi 5-AZACdR (decitabine) in melanoma cells, resulting in re-expression of HMW-MAA at both the mRNA and protein levels (Luo et al., 2006) . However, not all TAAs are upregulated by HDACis (Roulois et al., 2012) . Epigenetic dysregulation of APM components is thought to be responsible for their reduced expression in cancer. Furthermore, epigenetic regulation can be direct or indirect (Bukur et al., 2012) . Both DNMTis and HDACis induce or enhance expression of many APM pathway components including MHC molecules, TAP-1, TAP-2, LMP2, LMP7, and tapasin in a broad range of tumour types (Khan et al., 2008; Setiadi et al., 2008; Magner et al., 2000) .
Besides APM components, it is also well established that exposure to epigenetic agents can upregulate surface expression of several costimulatory molecules (e.g., CD40, CD80, CD86, and ICAM-1) on tumour cells in addition to enhancing expression of death receptors and stress-induced ligands (Maeda et al., 2000; Magner et al., 2000; Wang et al., 2013; Armeanu et al., 2005; Lopez-Soto et al., 2009; Nakata et al., 2004; Insinga et al., 2005) . In particular, these immunomodulatory events increase their sensitivity to immune-mediated cells lysis.
Moreover, epigenetic drugs have been shown to sensitise cancer cells to immune checkpoint therapy by upregulating the immune checkpoints CTLA-4, PD-1, PD-L1, and PD-L2 on tumour cells and TILs, providing a putative mechanism of immune escape Wrangle et al., 2013; Yang et al., 2014) . Furthermore, high tumour cell and TIL expression of PD-L1 has been correlated with good clinical responses to anti-PD-1/PD-L1 therapy Herbst et al., 2014) .
Adaptive and innate host immune cells
Epigenetic drugs can also modulate host immune cells as well as epithelial cancer cells. A recently identified mechanism of tumour immune escape is through the epigenetic repression of chemokines important for immune cell infiltration of the TME. Chemokine repression abrogates T cell trafficking, protecting tumour cells from immune responses. In ovarian cancer, tumour production of the T helper 1 (Th1)-type chemokines CXCL9 and CXCL10 is epigenetically repressed by enhancer of zeste homologue 2 (EZH2)-mediated histone H3 lysine 27 trimethylation (H3K27me3) and DNA methyltransferase 1 (DNMT1)-mediated DNA methylation (Peng et al., 2015) . Epigenetic modulation using a DNMTi was able to induce chemokine expression and Th1 tumour infiltration. Moreover, HDACis have also been shown to enhance T cell chemokine expression and TME infiltration in lung cancer (Zheng et al., 2016) .
The innate immune system can also exploit the action of epigenetic drugs to increase tumour cell recognition and immune-mediated cell lysis. For instance, HDACi treatment can increase expression of the activating receptor NKG2D on the surface of NK cells by increased binding of H3 acetylation across the gene promoter . Several different HDACis have also been shown to enhance NKmediated tumour cell targeting by upregulating the stress-inducing ligands MICA, MICB, and/or ULBP1-3 in tumour cells from many different solid malignancies to increase NK cell killing of tumour cells (Armeanu et al., 2005; Lopez-Soto et al., 2009; Skov et al., 2005; Schmudde et al., 2008; Yamanegi et al., 2012; Berghuis et al., 2012) . Furthermore, HDACis with or without DNMTis have been shown to enhance NK cell killing by increasing the expression of death-inducing receptors FAS and TRAIL-R2 on cancer cells (Nakata et al., 2004; Insinga et al., 2005; Yang et al., 2012; Lundqvist et al., 2006) . Interestingly, contrary to the results of these studies, Fiegler et al. (Fiegler et al., 2013) recently reported downregulation of B7-H6, a ligand for the activating receptor NKp30, on NK cells following treatment with HDACis in multiple human cancer cell lines. Furthermore, there were reduced NKp30-dependent effector functions in NK cells (Fiegler et al., 2013) . These differences may be due to previous studies using effector populations that primarily exert NKG2D-dependent functions (and decreased NKp30-dependent effector functions), which contributed to an overall increase in NK cytotoxicity in response to HDACi treatment.
Recent studies investigating the function of epigenetic drugs are revealing further mechanisms of action such as MDSC suppression . For example, a decreased percentage of MDSC and reduced expression of arginine-1 (which impairs T cell proliferation and cytokine production) were found in the TME and spleens of DNMTitreated mice bearing transgenic prostate adenocarcinoma or MHC class I-deficient TC-1 tumours (Mikyskova et al., 2014) . This reduction was associated with an increased percentage of CD11c + and CD86 + / MHCII + cells, suggesting that the mechanism of action for DNMTi in this case was a result of partial differentiation of MDSCs towards DCs in addition to induction of apoptosis. Moreover, tumour-bearing HDAC11-knockout mice demonstrated an increased suppressive MDSC population compared to wild-type tumour-bearing controls, suggesting that HDAC11 is a negative regulator of MDSC expansion and function and may be targeted using HDACis (Sahakian et al., 2015) . In addition to DNA methylation and histone acetylation, several miRNAs and siRNAs have also been shown to target MDSCs by remodelling their characteristics to eliminate cancer cells . Epigenetic reprogramming of MDSC differentiation toward the M-type may also be beneficial in tumour elimination as they more specifically inhibit T cell responses. Together, these studies provide further evidence of the broad role that epigenetic drugs play in immunologically priming multiple layers of the immune landscape in the TME. They also highlight the potential of epigenetic drugs to enhance immunotherapeutic outcomes in patients, especially when used as part of combination regimens (Krishnadas et al., 2015; Terracina et al., 2016; Covre et al., 2015; Gollob and Sciambi, 2007) . However, it is important to stress that the resulting epigenetic changes at both the chromatin and mRNA levels in host immune cells, particularly T cells, have been significantly neglected and require future study to determine the mechanisms of action of epigenetic drugs in these cells.
'Viral mimicry' enhances tumour cell visibility to the immune system
It is primarily thought that increased immunogenicity of tumour cells by DNMTis is mediated by reactivation of epigenetically silenced tumour suppressor programs in cancer cells. Recently, however, two groups (Roulois et al. (Roulois et al., 2015) and Chiappinelli et al. (Chiappinelli et al., 2016b) ) have demonstrated that DNA demethylating agents can induce immune signalling in cancer cells by activating dsRNAs derived from endogenous retroviral sequences (ERVs) (Roulois et al., 2015; Chiappinelli et al., 2016b) . ERVs, also known as long terminal repeat (LTR) retrotransposons, are an abundant class of retrotransposable elements that comprise approximately 8% of the human genome (Groh and Schotta, 2017; Mager and Stoye, 2015) . ERVs are generally transcriptionally silenced by promoter DNA methylation but can be activated in several cancer types (Gimenez et al., 2010; Stengel et al., 2010) . ERVs closely resemble the pro-viral integrated form of endogenous retroviruses and are therefore capable of eliciting host innate and adaptive immune responses. It was recently reported that ERV RNAs can trigger signalling via cytosolic pattern recognition receptors (PRRs) and activation of downstream mitochondrial antiviral signalling (MAVS) adaptor molecules in mammals (Zeng et al., 2014) .
Roulois et al. (Roulois et al., 2015) recently demonstrated that low dose 5-AZA-CdR (decitabine) treatment of colon cancer cells induces expression of interferon-stimulated genes (ISGs) through activation of viral defence pathways responsive to dsRNAs (Roulois et al., 2015) . Following 5-AZA-CdR treatment, there was a robust increase in levels of cytoplasmic dsRNA derived from de-repressed ERV transcripts. This in turn triggered the activation of cytosolic PRR pathway MAD5/MAVS and downstream activation of transcription factor IRF7 and type III interferons, ultimately upregulating the expression of late-response ISGs. Importantly, 5-AZA-CdR was shown to target colorectal cancerinitiating cells (CICs) by activation of the MDA5/MAVS/IRF7 pathway, resulting in reduced CIC frequency. In this way, DNMTis are able to "trick" or reprogram cancer cells to behave as virus-infected cells and induce an anti-viral immune response directed towards cancer cells. Similarly, Chiappinelli et al. (Chiappinelli et al., 2016b) showed that 5-azacytidine (azacytidine/AZA) and 5-AZA-CdR triggered cytosolic sensing of dsRNA in ovarian cancer cells and upregulation of type I interferon-response genes (Chiappinelli et al., 2016b) . Together, these studies suggest a novel mechanism for DNMTis in tumour cells by inducing a state of 'viral mimicry' that enhances immune signalling.
However, whilst DNA demethylating agents can increase cancer cell immunogenicity, T cells may still be susceptible to repression by immune checkpoint molecules such as CTLA-4, PD-L1, and PD-L2, allowing tumour immune escape and progression. Interestingly, high viral defence signatures in tumours were significantly associated with durable clinical response in patients receiving anti-CLTA-4 immune checkpoint therapy for advanced melanoma (Chiappinelli et al., 2016b) . Furthermore, Chiappinelli et al. (Chiappinelli et al., 2016b) demonstrated that 5-azacytidine sensitised tumours to anti-CTLA-4 immune checkpoint therapy compared to 5-azacytidine or anti-CTLA-4 alone in a mouse model of melanoma (Chiappinelli et al., 2016b) . Overall, these studies not only highlight the potential for epigenetic and immunotherapy combination strategies in cancer, but also identify a novel set of IFN-response genes whose activation can track clinical response to immune checkpoint therapy in cancer patients.
DNA methylation was proposed to have primarily evolved in mammals as a nuclear host defence system to shield genomes from parasitic sequence elements such as transcriptionally active retrotransposable elements (Yoder et al., 1997) . Active transposable elements can disrupt host genome stability in several different ways including insertion mutations, rearrangements, and chimeric mRNA, which can disrupt host gene expression. It will be important to identify other classes of novel epigenetic enzymes in addition to DNA demethylating agents that can re-educate tumour cells to activate IFN immune signalling. While DNA and histone methyltransferases are essential in heterochromatin formation, additional repressive epigenetic players are also involved in establishing EVR silencing such as the histone demethylase LSD1. A subset of ZGA genes and murine endogenous retroviruses MuERV-L/MERVL are de-repressed in mutant KDM1-deficient murine ES cells, suggesting that LSD1 is required to maintain a repressive chromatin state and silence target ERV activation during early embryogenesis (Macfarlan et al., 2011) . It will be interesting to see if inhibition of other epigenetic enzymes such as histone demethylases can induce IFN signalling through activation of ERV transcripts in the cancer setting.
Combining epigenetic and immunotherapy to strategically fight cancer
There is, therefore, robust data to support the use of epigenetic drugs in sensitising immunotherapeutic responses via their ability to modulate immune-cancer cell interactions and reverse crucial elements of immune evasion. In an important study that paved the way for combined epigenetic and immunotherapy, dual epigenetic therapy with azacytidine and entinostat (a HDACi selective to class I HDACs) failed to demonstrate significant anti-tumour responses in patients with advanced lung cancer. However, in this study, a small number of patients with advanced NSCLC who progressed after receiving low-dose epigenetic therapy entered a trial for immune checkpoint therapy with nivolumab, an anti-PD-1 checkpoint inhibitor (Wrangle et al., 2013; Juergens et al., 2011) . Remarkably, five of the six patients survived six months post-treatment without cancer progression, an unexpected outcome for immunotherapy in NSCLC. These results sparked signifi-cant interest in the potential of combining epigenetic and immunotherapy in not only NSCLC but also in other tumour types such as melanoma and prostate and colon cancer in human and animal models Peng et al., 2015; Chiappinelli et al., 2016b) .
Due to the explosion of interest in cancer immunotherapy, there is a plethora of new research on epigenetic drugs used in combination with different immunotherapies (e.g., adoptive cell therapy, immunostimulatory mAbs, cytokine-based therapy, and vaccination strategies); therefore, this review focuses specifically on combinations with immune checkpoint inhibitors.
Epigenetic modulators can enhance responses to immune checkpoint blockade through several mechanisms such as increased expression of checkpoint inhibitors on tumour cells, induction of chemokine expression on T cells, and reduction of suppressive cell populations in the TME.
As previously discussed, epigenetic modulators enhance cell surface expression of immune checkpoints. Several studies have shown that increased expression of checkpoint inhibitors on tumour cells following epigenetic treatment increases responses to blockade therapy (Wrangle et al., 2013; Woods et al., 2015) . For example, Woods et al. showed that treatment with HDACis in melanoma-bearing mice upregulated PD-L1 and PD-L2 in melanomas as a result of increased histone acetylation, and combined HDACi-PD-1 inhibition slowed tumour progression and increased survival compared to single agent therapy .
Recently, Goswami et al. (Goswami et al., 2016) showed that combined inhibition of H3K27me3 (an important epigenetic mark required to maintain Treg function) and anti-CTLA-4 reduced tumour size and the number of Tregs in B16-F10 melanoma-bearing mice compared to anti-CTLA-4 treatment alone, suggesting that H3K27me3 inhibition may increase the efficacy of immune checkpoint therapy (Goswami et al., 2016) .
In addition, epigenetic modulators have been shown to increase T cell infiltration into the TME and augment responses to immune checkpoint blockade through the removal of epigenetic marks suppressing chemokine expression in ovarian and lung cancer (Peng et al., 2015; Zheng et al., 2016; Wang et al., 2015) . Treatment of ovarian cancer cells with the DNMTi 5aza2′deoxycytidine (5AZAdC) upregulated tumour production of Th-1 chemokines CXCL9 and CXCL10, resulting in increased tumour infiltration with T cells and an improved therapeutic response to PD-L1 checkpoint blockade compared to single therapy alone (Peng et al., 2015) . Furthermore, HDACis have been shown to upregulate T cell chemokine expression and enhance responses to PD-1 therapy in lung cancer. (Zheng et al., 2016) . However the underlying mechanisms responsible for the increase in chemokine expression require further epigenetic investigation. Similar results have also been demonstrated with checkpoint inhibitors targeting CTLA-4 . Chemokines play an important role in trafficking immune T cells to the TME; therefore, reduced expression of these molecules can shield tumours from immune responses.
In addition to these mechanisms, HDACis can reduce suppressive cell populations such as MDSCs to augment checkpoint blockade therapies. A recent study examined the effects of two key checkpoint inhibitors, anti-CTLA-4 and anti-PD-1, in conjunction with two epigenetic modulating drugs (5-azacytidine and entinostat) in mice bearing colorectal or metastatic breast cancers . This combination resulted in primary tumour eradication in 10/11 mice with colorectal cancers and all mice with metastatic breast cancer. Furthermore, metastasis did not develop in the metastatic breast cancer model following combination treatment versus single therapies alone. Further mechanistic studies showed that these epigenetic drugs acted by blocking the suppressive activity of tumour-infiltrating G-MDSCs against T cell killing. However, while entinostat was shown to reduce G-MDSC viability, the specific mechanisms underlying the targeted suppression of G-MDSCs by epigenetic drugs were not examined. This study also highlighted the potential for using combined epigenetic and immunotherapy against poorly immunogenic cancers.
Immunotherapy offers many distinct advantages over standard cancer treatments (e.g., chemotherapy, radiotherapy) including the potential to be applied globally to different cancer subtypes and to elicit specific and durable responses by immunological memory. The ability of epigenetic drugs to specifically prime epithelial cancer cells for host immune responses holds significant promise for future immunotherapy in patients with cancer. Indeed, a number of epigenetic and immunotherapeutic drug regimens have already been used or are under intense investigation in different tumour mouse models (e.g., colon, breast, melanoma) (Terracina et al., 2016; Lucarini et al., 2017; Covre et al., 2015; Gollob and Sciambi, 2007) . The results from current clinical trials partnering these two therapies are eagerly anticipated (Table 1) .
While the immunological effects of epigenetic agents are well documented, epigenetic drugs such as 5-AZA-CdR can have pharmacological limitations such as a short half-life, sensitivity to inactivation by cytidine deaminase in vivo, and pronounced hematopoietic toxicity, all of which may impede its use in combination regimens . To address these concerns, second-generation epigenetic drugs such as the DNA hypomethylating agent SGI-110 (guadecitabine) are currently in development. Preclinical experience of SG110, a dinucleoitide of 5-AZA-CdR, has shown that it is more convenient and tolerated, achieving biologically relevant hypomethylating effects at lower and less myelosuppressive doses than decitabine while displaying immunomodulatory activity. Importantly, a significant anti-tumour effect was achieved in syngeneic grafts of murine mammary carcinoma TS/A treated with SGI-110 and subsequent murine mAb 9H10 (directed to CTLA-4). This study suggests that it will also be important to explore combinations of second-generation epigenetic inhibitors (particularly DNMTis) and immunotherapeutic strategies across different cancer models. Several second-generation HDACis including vorinostat, panobinostat, and entinostat, have been under investigation in combination with immunotherapy (Table 1) .
Novel classes of epigenetic drugs for immunotherapy
Whilst the function of HDAC and DNMT inhibitors in immune priming of cancer cells has been explored reasonably thoroughly, the role of many other novel epigenetic drugs has yet to be established. There are several other classes of epigenetic drugs including histone methyltransferases inhibitors, bromodomain inhibitors, and histone demethylase inhibitors which have recently been reported to increase immune signalling in tumour cells. In addition, several epigenetic drugs are in clinical trials or under investigation in cancer and other human diseases that may useful in combination with immunotherapies (Fig. 2) .
For example, GSK126, a selective inhibitor of EZH2 methyltransfer- Fig. 2 . Novel classes of epigenetic drugs in immunotherapy.Many novel classes of epigenetic enzymes, such as histone methyltransferase inhibitors (GSK126), bromodomain inhibitiors (JQ1), and histone demethylase (HDM) inhibitors (INCB059872), have recently been identified as potential agents for immunotherapeutic treatments. While these drugs have been shown to play a role in tumour cells, their role in the re-education of other cell types within the TME, such as T cells, has yet to be identified. In addition, the role of these drugs in upregulating other tumour cell components involved in immune cell activation like antigen presenting molecules or co-stimulatory molecules remains to be determined.
ase activity, was shown to synergistically improve the therapeutic efficacy of T cell therapy and increase tumour expression of CXCL9 and CXCL10 and CD8 + T cell infiltration in ovarian cancer (Peng et al., 2015) . Similarly, JQ1, a selective bromodomain/BET inhibitor, enhanced T cell persistence and function (Kagoya et al., 2016) and suppressed PD-L1 expression in ovarian cancer to restore cytotoxic T cell responses (Zhu et al., 2016) . Furthermore, JQ1 in combination with anti-PD-1 immune checkpoint blockade enhanced anti-tumour responses in lung cancer (Adeegbe et al., 2016) . Recently, histone demethylase inhibitors have been shown to synergise with other classes of epigenetic drugs. Dual inhibition of DNMT and LSD1 was shown to synergistically re-activate epigenetically silenced genes in cancer cells (Han et al., 2013) . Similarly, the LSD1 inhibitor INCB059872 was combined with a BET inhibitor to reduce myeloid differentiation and enhance anti-tumour efficacy in a human AML model in vitro and in vivo . These studies suggest potential for cancer immunotherapy.
In addition to the immunomodulatory effects discussed in this review, there are other additional expected changes that may occur in response to epigenetic treatment. For example, DNA hypomethylation may result in the activation of silenced retroviral sequences in NK or T cells to induce IFN signalling, as they do in tumour cells. IFN signalling in immune cells may enhance anti-tumour activity and cytokine expression. These effects may also be extended to inhibitors that target other classes of epigenetic enzymes such as LSD1, but this remains to be determined. It has been proposed that immunosuppression by silenced retroviral sequences could contribute to immune evasion by cancer cells. There is evidence that some endogenous retroviruses from the HERV Env family of proteins (e.g., HERV-FRD, HERV-H, HERV-K) display immunosuppressive activity that can impair immune responses to exogenous pathogens and tumours (Kassiotis and Stoye, 2016) . This suggests that activation of silenced retroviral transcripts will be dependent on the specific ERVs that are activated. Overall, tumour responses to epigenetic therapy will be determined by the distinct subset of cellular components that make up the TME in individual patients; therefore, it is important to understand the targets of these epigenetic therapies.
7. Can type I IFN and IFN-related genes determine the impact of epigenetic therapies on re-education of tumour cells for immune attack?
Type I IFN possesses the potent ability to activate several immune cell types such as DC cells, NK cells, and CTLs, in addition to dampening the immunosuppressive activities of Tregs and MDSCs (Zitvogel et al., 2015; Minn, 2015; Minn and Wherry, 2016) . Furthermore, successful chemotherapy, radiotherapy, and immunotherapy in cancer patients often relies on intact type I IFN signalling and correlates with favourable prognosis in many human cancers (Zitvogel et al., 2015) . As previously described, DNA hypomethylating drugs have also been shown act through mechanisms that induce IFN-I and IFN-II signalling to increase tumour recognition and immunogenicity (Roulois et al., 2015; Chiappinelli et al., 2016b) .
Given that IFN signalling is so important across several cancer types, we propose that type I IFN and IFN-related genes can be used to determine the impact of various epigenetic therapies on re-education of (Roulois et al., 2015) and Chiappinelli et al. (Chiappinelli et al., 2016b) ) or (2) that have genomic defects in immune checkpoint resistant tumours (Gao et al. (Gao et al., 2016) ). We hypothesise that these genes, in addition to others key genes that are re-activated in response to different epigenetic treatments (including TAAs, APM components, MHC class I/II molecules, co-stimulatory/accessory molecules, chemokines, and immune checkpoints), can be used to determine the impact of epigenetic therapies on re-education of tumour cells to become more visible for immune attack. (B) At the chromatin level, we suggest that immune genes are silenced in a closed heterochromatin state in tumour cells and that the addition of epigenetic drugs re-educates immune genes to become open and transcriptionally active. tumour cells to immune attack. Recently, Gao et al. (Gao et al., 2016) identified a unique IFN-γ pathway gene signature in anti-CTLA-4-resistant tumour cells that may serve as a biomarker of patient response to immune checkpoint therapy (Gao et al., 2016) . This novel gene set includes IFN-γ signalling-related genes (IFNGR1, IFNGR2, JAK2, IRF1, IFIT1, IFIT1, IFIT3, MTAP, and miR31) and IFN-γ signalling pathway suppressor genes (SOCS1 and PIAS4). In addition, key studies from Roulois et al. (Roulois et al., 2015) and Chiappinelli et al. (Chiappinelli et al., 2016b ) that link DMNTi-mediated IFN signalling to ERV activation (as discussed in Section 4) also identify a common set of ISGs whose activation may be used to determine the extent of tumour re-education after epigenetic therapy (Roulois et al., 2015; Chiappinelli et al., 2016b) . We hypothesise that these genes, in addition to other key genes re-activated in response to epigenetic therapies (such as those encoding APM components, MHC class I/II molecules, chemokines, immune checkpoints, etc.), can be used to develop an immune gene signature to assess the impact of epigenetic therapies on re-education of tumour cells to become more immunogenic (Fig. 3) .
This hypothesis raises many interesting questions that will be important to explore. When is a T cell considered visible to T cells? Do different epigenetic drugs induce common or distinct IFN activation signatures? Does the combination of different epigenetic drugs together with immunotherapeutic strategies, chemotherapy, or other classes of epigenetic drugs further enhance tumour visibility towards immune cells? Which epigenetic drugs alone or in combination with other therapies have the greatest impact on tumour re-education for immune attack? Also, which cell subsets (e.g., T cells) are these epigenetic drugs most suitable for?
It is also important to note that recent papers have shown that type I IFN can also result in immune suppression. For example, upregulation of IFN-γ by T cells (and other immune cells in the TME) can increase PD-L1 expression on tumour cells resulting in T cell exhaustion and adaptive immune resistance (Herbst et al., 2014; Twyman-Saint Victor et al., 2015) . In addition, IFN-related signalling can also drive nonimmune-mediated resistance to chemotherapy and radiation (Minn, 2015) . It has been suggested that activation of IFN signalling through unphosphorylated STAT1, a key IFN-regulated transcription factor pathway, in addition to other negative regulatory proteins, activates a distinct set of ISGs called the interferon-related DNA damage resistance signature (IRDS), which drives immune suppression (Minn, 2015) .
Conclusions
The recent arrival of immune checkpoint inhibitors is poised to significantly change the management of patients with many different tumour types and is prompting the development of numerous combination strategies as a robust new approach to personalised cancer therapeutics. The interplay between the tumour and immune cells during tumour development is complex, and epigenetic modifications are an important source of many pathological changes leading to immune escape. As highlighted in this review, epigenetic modulators play an important role in shifting the balance of immune inhibition towards immune activation. Epigenetic reprogramming of the immune evasive phenotype synergistically primes the immune system for more effective immunotherapy responses.
However, whilst immunotherapy is showing remarkable promise, mixed tumour regression still represents a clinical challenge as not all cancer types respond to treatment and not all patients in 'responsive' groups experience clinical improvement. Thus, identifying combination strategies for appropriate patient populations is crucial. Furthermore, strategies to treat patients that present with acquired immune resistance are also needed. Finally, the identification of other epigenetic regulators that can prime the immune response to immunotherapy warrants attention. Overall, this review highlights the promise of combining epigenetic therapy and immunotherapy to achieve more effective therapeutic responses in the future, even in poorly immunogenic tumours.
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